We explore the impact of topflavour model to B −B mixings and rare decays of B mesons. By the flavour-changing neutral current interactions of this model, the B −B mixing amplitudes are substantially affected while it is hard to investigate the effects on rare decays. Violation of the unitarity of the CKM matrix is also discussed. We find that the bound on |V td | can be stronger in this model by combining the experimental bound of the B −B mixing and the bound from violated unitarity.
I. INTRODUCTION
After the observation of a nonvanishing amount of B d −B d mixing [1, 2] , it has been one of the most interesting phenomena of the B meson system. As being an flavour-changing neutral current (FCNC) process, the B −B mixing involves top quark in its loops and consequently it is sensitive to the flavour dynamics of the third generations as well as being a source of the Cabbibo-Kobayashi-Maskawa (CKM) matrix elements for the top quark and top quark mass. The strengths of B q −B q mixings are measured by the mass difference
where M
12 is the off-diagonal term of the mass matrix of neutral B 0 q mesons. The present world average for measured ∆M d and the best limit for ∆M s are reported by [3] ∆M d = 0.464 ± 0.018 ps −1 , ∆M s > 7.8 ps
which are consistent with the Standard Model (SM) predictions and constrain the CKM parameters V td and V ts :
Please see Ref. [4] to understand the experimental errors and theoretical uncertainties for these constraints. This bound of ∆M d is better than that obtained from unitarity of the CKM matrix alone, which gives 0.11 < V td V cb < 0.33 .
Many models of new physics beyond the SM provide new contributions to B −B mixings which could result in altering the constraints on V td and V ts given in Eq. (3) . In order to be detectable, however, new contributions to B −B mixings should be at least comparable to those of the SM. This paper focuses on the model that include the separate SU (2) This model was constrained by the LEP data in Ref. [5] [6] [7] and the lower bound of the mass of the additional Z ′ boson is predicted to be about 1.1 TeV. We expect that the model could be also examined by the current data of B −B mixings and rare decay here. In this model, the CKM matrix is in general not uniquely defined but depends upon each bases of U-type and D-type quarks. Accordingly an additional phase can be introduced in the model to produce the new CP violating phenomena and more parameters are needed to represent quark mixings. In this paper, however, we choose the case that the weak eigenstates of U-type quarks are identified as mass eigenstates for simplicity: V U = I and This paper is organized as follows. In section II, we briefly review the topflavour model.
The unitarity violation of the CKM matrix is discussed and the FCNC is described. The contributions to the B −B mixings are studied in section III and the contributions to the flavour-changing penguin decays are examined in section IV. We conclude in section V.
II. THE MODEL
We study the topflavour model with the extended electroweak gauge group SU (2) The covariant derivative is given by
where T The gauge couplings may be written as
in terms of the weak mixing angle θ and the new mixing angle φ between SU(2) l and SU (2) 
at the scale ∼ u. The remaining symmetry is broken down to U(1) em by the the VEV of Φ at the electroweak scale. Since the third generation fermions do not couple to Higgs fields with this particle contents, they should get masses via higher dimensional operators. The different mechanism of mass generation could be the origin of the heavy masses of the third generation. Or it is possible to explain it by introducing another Higgs doublet coupled to the third generations as in Ref. [6] .
We demand that both SU(2) interactions are perturbative so that the value of the mixing angle sin φ is constrained g 2 (l,h) /4π < 1, which results in 0.03 < sin 2 φ < 0.96. In fact, we are interested in the region φ < π/2 leading to g h > g l where the third generation coupling is stronger than those of the first and second generations. We also assume that the first symmetry breaking scale is much higher than the electroweak scale,
In terms of mass eigenstates of gauge bosons the covariant derivative can be rewritten as
where Q is the electric charge operator, Q = T 3l + T 3h + Y /2. The additional gauge bosons get masses such as
while the ordinary gauge boson masses are given by m
where m 0 = ev/(2 sin θ).
The couplings to the gauge bosons for the third generations are different from those of the first and second generations and we separate the nonuniversal part from the universal part. First we consider the charged current:
where L (cc) I denotes the universal part and L (cc) 3 the nonuniversal part. We consider the unitary matrices V U and V D diagonalizing U-type and D-type quark mass matrices respectively.
The universal part is given by
where
with the 3×3 identity matrix I and U = (u, c, t)
We define the
which is corresponding to the CKM matrix of the SM. The nonuniversal part is written in terms of mass eigenstates as:
Because of the existence of L 3 , the quark mixing matrix is no more unitary. Moreover 
which describes the quark mixings for the charged currents coupled to the W ± bosons. The mixing matrix for W ′± bosons has the same structure as above matrix while the model parameter λ sin 2 φ is changed to 1/ sin φ cos φ.
Considering the neutral current interaction terms, we face up to more interesting outcomes. The nonuniversal terms bring forth the flavour-changing neutral current interactions at tree level which does not exist in the SM. We discussed the FCNC effects in Ref. [7] , especially stressed on the lepton number violating processes. For the quark sector, the FCNC interaction terms evolve with the basis used above as follows
These would yield the main additional contributions to the B −B mixings and rare decays via Z and Z ′ exchange diagrams, which will be discussed in the subsequent sections.
III. B −B MIXING
The B q −B q mixings in SM are described by the off-diagonal term M 
and q = d, s. η Bq denotes the QCD correction and f 
while the relevant FCNC couplings given by
The new contribution by the box diagrams with one W ′ boson and with one W boson is given by
We can see that this function goes to f 2 (x) in Eq. (18) when y → 1. Contributions from the Z-and Z ′ -mediated FCNC interactions are as follows:
Note that the contribution from Z ′ -mediated FCNC is of order of λ while the other contribution from Z boson are of order of λ 2 . Thus we expect that the Z ′ -mediated FCNC diagrams provide the dominant contribution among new physics effects. We also note that all new physics contributions to M (q) 12 involve the same CKM factors as those of the SM and has the same phase as the W -mediated box diagrams in our choice of the bases for quarks.
We estimate each contributions comparing to the mass difference of the SM,
where we have taken |V tb | =1 and m t = 175 Gev [10] . To estimate numerical values, we use λ = 0.012 and sin 2 φ = 0.22 which give the central values of the measurement for the precision variables ǫ 1 and ǫ b obtained in Ref. [7] . According to above results, we find that mass differences normalized by the W -mediated box diagram are independent of the light quark type in the neutral B mesons. We also find that the Z ′ -mediated FCNC interactions dominates and is comparable to the usual box diagram contribution. The new physics contributions change the bounds of CKM matrix element V td and V ts as follows :
As explained in the previous section, the CKM matrix of this model is no more unitary.
In the case of q = d, the size of the unitarity violation is measured by
which is of the linear order of λ. With the values of λ and sin 2 φ used above, we obtain the bound for |V td |:
which is close to the unitary bound of the SM. It is because the size of unitary violation is
Combining the unitarity bound with the bound from B −B mixing, we could obtain the stronger bound on the value of |V td |, 0.12 < |V td /V cb | < 0.18, than that of the SM.
IV. RARE DECAYS OF B MESONS
Let us now examine the contributions of Z-and Z ′ -mediated FCNC processes to rare decays of neutral B mesons in topflavour model. Considering the rare decays, we have to explore the uncertainties of the predictions as well as the actual size of the branching ratios [11] . New physics effects will be considered important in a particular penguin decay only if they change the branching ratio by quite a bit more than the uncertainty in the SM prediction.
We q → l + l − have some hadronic uncertainties dependent upon the decay constant f Bq , they can be calculated rather precisely since the renormalization-scale uncertainty is quite small by including the QCD corrections [12] . The branching ratios are as follow [11] : In the topflavour model, the decay processes due to Z-and Z ′ -mediated FCNC couplings
give the amplitudes:
where the shifted couplings are given by
and the couplings to Z ′ are
We obtain the branching ratios of rare decays due to FCNC interactions of Eq. (29) as Finally we wish to remark the general treatment on the quark mixing matrix. In this paper, all couplings to the charged currents not including t quark contain the common factor (1 − λ sin 4 φ) of which effect is washed out by introducing the Fermi constant defined by µ decay. When we take general unitary matrices for V U and V D , each charged current coupling is differently changed, which depends on the elements V U ij and V Dij . If so, we have more undetermined parameters and we should restrict them by many low-energy processes such as β-decay, π decays, K decays etc.. But it is still hard to define the CKM matrix in that case. More interestingly additional phase is introduced from V U in the general case. It provides many new possibilities of CP violating phenomena which is not tested yet.
In 
